Electronics in High Energy
Physics



BNL Instrumentation Division

20 scientists/professionals, 25 tech/admin

» Detector research and Electronics design for
— High energy physics
— Nuclear physics
— Synchrotron radiation research
— Medical instruments
* Major facilities
— Qas detector lab
— Silicon detector clean room

— Printed circuit shop
— Irradiation test facility



Detectors




HEP applications

Modern detector 107 — 10° channels
Cost of detector $500M

Cost of electronics about 1/3

Cost per channel < $10

Requires

— High level of integration

— Custom 1ntegrated circuits



Electronics categories

Front ends
— Trackers
 Fast, dense, binary decision, high radiation
— Calorimeters
» Large energy range
— Muon
» Large area
Data links
Data acquisition
Trigger
Timing
DCS



Front end

Charge amplifier

Threshold detection

Time of arrival

Analog sampling and storage
Analog-to-digital conversion



Example : Hybrid Pixel Detectors
(CERN RD-19 E. Heijne et al.)
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CMS silicon strip readout
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TEC Front-End Card

" ID Bits
RS-422 |
Tx
Octal —
P lifi ully
I r?hr:,ﬁ;,'er 16 Differential 32 Yo
N (IC31A) Line Drivers U
g T
; P
! Fully U
16 Differential 2 Y7
C (IC31A) Line Drivers
0 3 c
N Octal Ry 0
N Preamplifi N
E rzahngsérler 16 Differential 2 Iy
C (IC31A) Line Drivers E
T c
0 T
R Fully 0
S 16 Differential = YR
(IC31A) Line Drivers S
X
4 X
DA RS-422 :
DAC - -
Power & Rx
Regulators Calibration ||

PHENIX TEC Front End PCB
BNL Instrumentation Div. 1998

PREAMP/SHAPER
ASICS

POWER
COMDITIONING

DIGITAL
CONTROL AND
CALIBRATION

INPUT CONNECTORS
AND GEOMETRICAL
ADDRESS

ESD
PROTECTION

DIFFEREMTIAL
LINE DRIVERS (64
SIGNALS)

RS422
INTERFACE




SVT 240-channel Multi-Chip
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Data link

Can be analog or digital
Optical links preferred

Up to 1.4 Gbits/s
Many thousand links per detector



Data acquisition

Receive data from front end
Digitize

Z.ero suppression

Feature extraction
Formatting

Transmit to central DAQ



ASMII Block Diagram
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Trigger

Examine prompt data from a subset of
detector

Decide if event 1s of interest
Issue trigger decision yes/no
Important to minimize time to decision

Distribute trigger to all sections of detector



Timing system

» All segments of detector have to be
synchronized

* Fundamental frequency (clock) linked to
accelerator frequency




Detector control system (DCS)

e Monitor environmental conditions at
detector

— Temperature

— Magnetic field
— Alignment

— High voltage

— Gas properties
— Cooling system



Infrastructure

High voltage power

Low voltage power
— Many kA
— Hard to transmit over long distances

Cabling
Cooling



Integrated circuit design

* Design process
— Choose foundry
— Get models, design rules
— Schematic capture
— Simulation
— Layout
— Verification
 Physical
* Logical
— Transmit design to foundry
— Receive processed chips



What do we need to build?

Physics goals

Requirements
document

Detector
characteristics




What technology to use?

Submicron CMOS  Ceramic Hybrid ,
Chip-on-board




What does our circuit look like?

Digital Hardware Design Language

Analog schematic HDL) — ready for synthesis
capture
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What input signals will the
circuit recerve?

Analog stimulus Digital test vector
waveform

& Stimulus Editor - [muxpipel.stl] i
@F\Ie Edit  Stimulus  Plot  Wiew Tools Window Help
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How will the circuit respond to
inputs?

Analog. Digital timing
simulation simulation
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How physically will our circuit
be constructed?

Analog CMOS layout Dgital: FPGA floorplan
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Does our design conform to the
rules of the fab?

Design rule
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Does our physical design
correspond to our schematic?
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Making the circuit

Multiproject Board assembly
wafer fabrication

and the reticle is then

Burning the

is packaged into a stepped across a
photo mask with other set of masks.
projects of compatible T
Your design technologies A- e .—:? AR FPGA
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Testing

Bare die with detector Board under test




Production




CSC location
in ATLAS




Multiproject services

Combine designs from many institutions on one
maskset

Arrange for regular runs with a variety of popular
foundries

Design support

— Models

— Design rules

— Process monitoring

Amortize cost of run over all users



Examples

Inner detector
— S1 pixels for LHC
— S1 strips for LHC

Muon detector
— Cathode strip chamber for LHC/ATLAS

Gas tracking detectors
— TEC for RHIC/PHENIX

S1 Drift Detectors



S1 pixel readout

* Binary readout

Shaper filter Comparator Logic

test

<
! FF
analog test

input

Pixel needs to tell whether particle passed or not in a 25 ns time slot
it does NOT need to tell how much charge was collected over a certain time




CSC On-chamber Electronics Chain

20K

sCA LNk Fibar

— () To/from
n ()~ ROD

CSC Chamber ASMI ‘ ASMII |7

Amplification, Sampling, digitization, and Multiplexing into optical fiber
performed on detector.

70 ns shaping
10 bit dynamic range

3 custom, radiation-tolerant ASICs



Electronics Location in Faraday Cage

ASM-II



Pre-Amp Shaper

Optimal pulse shaping is a compromise between noise, which
degrades position resolution, and pileup which contributes to
inefficiency.

Bipolar pulse preferred in high-rate environment.

From Monte Carlo study, peaking time should be ~ 100 ns
and FW1%M < 430 ns

Bipolar 7t-order shaper using complex poles gives same return
to baseline as 12t-order CR2-RC" configuration

1

Pulse Waveform
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2.82 mm

Drift Detector Preamplifier

| o Used with ultra-low
_ AMS 1.2um version . oy .
HP 1.2um version capacitance silicon drift
14881 detector, C4,, < 0.3 pF

* Preamp only, used with
external shaper

e Purpose: explore lowest
noise possible with CMOS

* Reset system: MOS
transistor with special bias

~1renit to achieve stable, >
Detector ANODE
11UV

Requirements for 100 eV resolution with a 0.2 pF detectorat1-5
1s shaping time:

. Ileak <10 pA

*fe>3Ga ~ 2.56 mm g IcS1

*gp>04mS
“Ke<18x10%5 )




SVT Preamp/Shaper

Die Layout
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